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FOREWORD

-

{U) The work reported herein was done at the request of the
Research and Technology Division (RTD}, Air Force Systems Com-
mand (AFSC), for the Air Force Flight Dynamics Laboratory
(AFFDL), Wright-Patterson Air Force Base, Ohio under Program
Element 62405364/6065,

(U) The results of the test presented were obtained by ARO, Inc.
(a subsidiary of Sverdrup and Parcel, Inc.), contract operator of the
Arnold Engineering Development Center (AEDC), AFSC, Arnold Air
Force Station, Tennessee, under Contract AF40(600)-1000. The test
was conducted from December 13 to December 22, 1964 under ARO
Project Number PS0508, and the report was submitted by the author
on February 18, 1965.

(U) The dimensions and construction details of hyperflo para-
chutes are classified confidential, All data are unclassified, including
motion pictures and still photographs of hyperflo parachutes which
do not show construction or dimensional details.

(U) This report contains no classified information extracted from
other classified documents.

(U) This technical report has been reviewed and is approved.

Francis M. Williams Jean A. Jack
Mzajor, USAF "Colonel, USAF
AF Representative, PWT DCS/ Test
DCS/Test
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UNCLASSIFIED ABSTRACT

)

(U) As an extension of studies previously completed, a test was
conducted in the Propulsion Wind Tunnel, Supersonic (16S), to deter-
mine the effect of Mach number on the drag, stability, and inflation
characteristics of a number of parachutes. The parachute character-
istics were investigated at Mach numbers from 1.8 to 3.0 at pressure
altitudes from 82, 000 to 104, 000 ft. Two general types of parachutes
were tested: the hyperflo-type parachute using three general design
concepts with porosities from 7.0 to 10.9 percent and the hemisflo-
type parachute with and without reefing. Data obtained indicated that
the hyperflo parachutes had good inflation characteristics at Mach
number 2.6 and the drag decreased with increasing Mach number.
The hemisflo parachutes had good inflation characteristics in the 1.8
to 2.2 Mach number range. For any given configuration, the stability
. was found to be essentially constant with varying Mach number.
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SECTION |
INTRODUCTION

(U) A test was conducted in the Propulsion Wind Tunnel, Supersonic
(165), of the Propulsion Wind Tunnel Facility (PWT) at the Arnold Engi-
neering Development Center (AEDC), AFSC, to determine the effect of
Mach number on the drag, stability, and inflation characteristics of
various parachute configurations., The parachutes investigated during
this test were models of the hemisflo and hyperflo families of parachutes.
An earlier phase of work with this same test objective was carried out
at PWT in March 1964 (Ref, 1),

(U) The hemisflo and hyperflo parachute configurations were tested
at Mach numbers from 1,8 to 3.0 at pressure altitudes from 82, 000 to
104,000 ft, Various canopy porosities for the hyperflo parachutes were
investigated in the Mach number range from 2.5 to 3.0, The 10-ft-diam
hemisflo parachute characteristics were studied at reefed diameters of
2, 3, 4, and 5 ft, and the 6-ft-diam hemisflo parachute characteristics
were studied with a shorter shroud line length, Drag data and motion
pictures of the parachute configurations were taken during and after each
deployment,

SECTION 1}
APPARATUS

2,1 TEST FACILITY

{(U) Propulsion Wind Tunnel, Supersonic {16S) is a closed-circuit,
continuous flow tunnel with a test section 16 ft in ¢ross-section, capable
of operating at supersonic Mach numbers from 1.65 to 3.2. The tunnel
was designed for a stagnation pressure range from 100 to 2000 psfa and
air temperatures up to 650°F. Tunnel humidity is controlled by removing
tunnel air and supplying conditioned makeup air from an atmospheric
dryer. A more complete description of the facility and its operating
characteristics is contained in Ref. 2. The location and installation of
the model centerbody in the tunnel are shown in Figs. 1 and 2.

UNCLASSIFIED :
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2.2 TEST ARTICLE
2.2.1 Model Centerbody and Deployment System

(U) The parachutes tested during this investigation were deployed

_from a strut-mounted centerbody. Dimensions of the centerbody are

presented in Fig. 3. The parachute riser line was attached to a strain-
gage load cell by means of a swivel and cable arrangement. A shear
pin, designed to protect the load cell, was used to connect the riser
line to the swivel. The parachutes were packed into the aft end of the
model centerbody (see Fig. 4) on a compressed spring. Once the hold-
ing pin was released by means of an explosive charge, the parachute
pack was ejected from the centerbody into the airstream,

2.2.2 Parachutes

(U) The parachutes tested were of two general types: the hyperflo
and hemisflo., Specific construction details for the parachutes are shown
in Figs. 5 through 14.

2.2.2,1 Hyperflo Parachutes

(U) General details of the hyperflo parachutes are given in Table 1.
The hyperflo parachutes were constructed using three general design
concepts. Configurations H-2 and H-3 as seen in Fig. 6 were designed in
the shape of a truncated cone. Configurations H-1, H-4, H-5, and H-6
were constructed in the shape that the truncated cone design assumes
when it is in a fully aerodynamically inflated condition. Details of the
shaped hyperflo parachute are shown in Figs, 5, 7, and 8, Configura-
tions H-7, H-8, and H-9 incorporated a combination of the two design
concepts described above. The straight skirt was taken from the H-2-
type parachute and the shaped roof was similar to the H-1-type. Details
of these parachutes are shown in Figs. 9 and 10. Porosity, defined in
this report as the ratio of the open area of a canopy surface to the total
canopy surface area, ranged from 7.0 to 10, 9 percent for the hyperflo
parachutes. Various weaves of either metal, nylon, HT-1, or a combi-
nation of nylon and HT~1 material were employed to vary the porosity
of the parachutes. Porosity was also varied by applying a Silastic® 131
coating to the roofs of three configurations.

2.2.2.2 Hamisflo Parachutes

(U) The hemisfio parachutes were constructed of 2-in. -wide nylon
ribbons. Configurations R-1 through R-3 were 10-ft-diam hemisflo
parachutes with 12-percent porosity and 240-in. shroud lines., Configu-
ration R-1 was reefed at diameters of 2, 3, 4, and 5 ft. Configuration
R-2, using mid-gore reefing, was reefed at diameters of 2 and 3 ft.
Configuration R-3 with 28 horizontal ribbons was reefed to a diameter

2
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of 3 ft. Details of configurations R-1, R-2, and R-3 are shown in

Fig. 11. Configurations R-4, R-5, and R-6 were 6-ft-diam hemisflo
parachutes with porosities of 21, 10, and 10 percent, respectively, and
144-in. shroud lines. Details of configurations R-4 and R-5 are shown
in Fig. 12, Configuration R-6 had a solid HT -1 mesh skirt in addition
to the nylon ribbon roof and is shown in Fig, 13. Configuration R-7 was
a 5, 5-ft-diam hemisflo parachute with 18-percent porosity and 132-in,
shroud lines, Details of this configuration are shown in Fig. 14,

'SECTION IIf
PROCEDURE

(U) Prior to tunnel operation, the parachute was packed into the
aft end of the centerbody. After tunnel conditions were established, the
parachute was deployed by a compressed spring. Motion pictures and
dynamic drag data were obtained during and after each deployment,
After the parachute deployment had been completed, the analog signal
from the strain-gage load cell was averaged over one-second intervals
to calculate a steady-state drag load. Tunnel conditions were then
changed with the parachute still deployed. Motion pictures, steady-state
drag, and dynamic drag data were obtained at all subsequent desired test
conditions,

{U) All parachute configurations were investigated at Mach numbers
in the range from 1,8 to 3,0. Dynamic pressure was maintained nominal -
ly at 120 psfa for all configurations which resulted in pressure altitudes
from 82,000 to 104, 000 ft over the Mach number range investigated. The
model centerbody was maintained at zero angle of attack for the entire
test,

SECTION Y
RESULTS AND DISCUSSION

(U} A limited amount of steady-state drag data was obtained during
this test because of failures of the parachutes upon deployment or immedi-
ately following deployment., Other parachutes failed before they could
be tested at more than one Mach number, As a result of disreefing im-
mediately after deployment and unexpected high drag loads, four of the
hemisflo configurations sheared a pin protecting the strain-gage load
cell and departed from the centerbody before steady-state drag data could
be obtained. Some of the parachute failures were caused by a deficiency
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in the parachute material or construction. Some of the failures occurred
because the parachutes were required to withstand constant loads at ele-

vated Mach numbers for long durations of time; such failures were caused
by material fatigue,

4.1 DEPLOYMENT LOADS

(U) As found in previous parachute testing (Ref, 1), the snatch load
and opening shock load varied with each deployment. Snatch and opening-
shock loads were found to vary between 100 and 5000 1b for all the deploy-
ments, although large snatch and opening-shock loads did not necessarily
occur during the same deployment. It is believed that the snatch and
opening-shock loads encountered are a function of the parachute packing
procedures and the particular deployment system used for.each parachute,
Dynamic drag traces of two similar parachutes are shown in Fig, 15,

4.2 PARACHUTE STABILITY

(U) The behavior of a parachute moving through the air is governed
by characteristics which, in airplane design, are called stability character-
istics., Certain characteristic parameters have been established which,
when known, allow the prediction of stability for specific airplanes or
missiles, However, published data indicate only limited success in estab-
lishing similar parameters for parachutes. The parachute stability char-
acteristics as discussed in this report are defined as the relative compari-
son of parachute oscillations based on the motion pictures acquired during
the test. The reference parachute is an ideal model which has no oscilla-
tions or distorting moments to disturb the parachute from its equilibrium
position.

4.3 HYPERFLO PARACHUTES

(U) The results of the tests conducted with the hyperflo parachutes
are presented in Figs. 16 and 17 and Table II. In general, the drag coef-
ficient and parachute drag parameter for the hyperflo parachutes were
found to decrease with increasing Mach number. The drag coefficient for
the fully inflated parachutes was found to range from 0. 13 to 0,293, For
the underinflated parachutes and the ones with torn roofs, the drag coef-
ficient varied from approximately 0. 05 to 0,08, The drag coefficients
measured for cach configuration are presented in Table II. Typical pic-
tures taken during testing of a number of these parachutes are shown in
Fig. 18.
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(U) Stability and inflation characteristics of the hyperflo parachutes
were visually studied from motion pictures, In general, the parachutes
had good stability and inflation at Mach number 2,6, However, under-
inflation and instability occurred as the Mach number was increased,
Parachute roof failures limited testing of configurations H-1 and H-6 to
Mach numbers of 2.2 and 2, 6, respectively. These two configurations,
however, had good stability and inflation at these Mach numbers. Con-
figurations H-7 and H-9 with shaped roofs had poor stability at Mach
number 2,6, Partially because of the instability, configurations H-7
and H-¢ failed before they could be tested at more than one Mach number.
Stability and inflation characteristics and the test conditions for each
configuration tested are presented in Table II.

4.4 HEMISFLO PARACHUTES- -

(U) The results of the tests conducted on the hemisflo parachutes
are presented in Figs. 12 and 20 and Table III. The drag coefficient
for the hemisflo configurations was found to vary between 0.09 and
0.39. Configurations R-1 and R-2, reefed to a 2-ft diameter, show in-
creases in drag coefficient with increasing Mach number, Motion pic-
tures of these two parachutes indicated that several of the reefing rings
failed as the Mach number was increased from 1.8 to 2,2, It is believed
that the increase in parachute diameter caused by the partial disreefing
caused the trend in increasing drag coefficient with increasing Mach
number, The normal trend as shown in previous testing (Ref, 1) is a
decrease in drag coefficient with an increase in Mach number,

(U) Attempts were made to test configuration R-1 at reefed diameters
of 2, 3, 4, and 5 ft to determine the effect of different reef diameters in
the 1, 8 t0 2, 2 Mach number range. As a result of partial or total dis-
reefing and unexpected high loads, the parachutes reefed to 3, 4, and 5 ft
failed shortly after deployment and not enough steady-state drag data
were obtained to show the effect of the reefed diameter.

(U) Configuration R-2, identical to R-1 in construction details,.
used a mid-gore reefing technique to reef the parachute diameter to 2
and 3 ft. At Mach number 1,8 and a reefed diameter of 2 ft, configuration
. R-2 with mid-gore reefing had a drag coefficient approximately 29-per-
cent higher than configuration R-1 with conventional reefing. Because of
the combination of partial disreefing and instability, configuration R-2,
reefed to 3 ft, failed before steady-state drag data were obtained.

(U) Configuration R-3, reefed to a diameter of 3 ft, failed before
data could be obtained at more than one Mach number.
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(U) Configurations R-4, R-5, and R-6 were tested to determine the
characteristics of a hemisflo parachute in the 2.6 to 3. 0 Mach number
range. Configurations R-4 and R-5 with porosities of 21 and 10 percent,
respectively, were tested at Mach number 2. 6 and failed before reach-
ing a higher Mach number. Motion pictures showed that these two
parachutes had fair stability and inflation characteristics at Mach num-
ber 2,6, The design concept of configuration R-6 was a combination of
a hyperflo skirt and a hemisflo roof, No steady-state drag data were
obtained for configuration R-6 as the tunnel flow broke one second after
deployment, However, good inflation and fair stability were observed
in the motion pictures acquired of this parachute.

{(U) Configuration R-7, a 5. 5-ft-diam unreefed parachute, was
tested through the 1. 8 to 2. 2 Mach number range. The drag coefficient
and drag parameter of this parachute decreased with increasing Mach
number.

{(U) All the hemisflo parachutes investigated had fair to good stabil-
ity and inflation characteristics. The motion pictures indicated that
there was no appreciable effect of Mach number on the stability or infla-
tion of any given configuration, Figure 21 shows typical pictures taken
during testing that illustrate the inflation characteristics of the hemisflo
parachutes,

SECTION V
CONCLUDING REMARKS

(U) Tests were conducted to investigate the drag, stability, and
inflation characteristics of several hyperflo and hemisflo parachute con-
figurations in the Mach number range from 1.8 to 3.0. The following
observations are a result of these tests:

1, In general the drag coefficient and drag parameter for
the hyperflo parachutes decreased with increasing
Mach number,

2, The.hyperﬂo parachutes had good inflation at Mach
number 2,6,

3. The hemisflo parachutes had good inflation in the 1,8 to
2,2 Mach number range.

4. At Mach number 2.6, the hemisflo parachute using the
mid-gore reefing technique had a higher drag coefficient
than the hemisflo parachute using conventional reefing.

-
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5 For a given configuration, the stability was essentially
" unchanged with varying Mach number.
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d. Configurotion H-8, 9.6-percent Porosity, M_ = 2.6
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Fig. 18 Photographs of Hyperflo Porochutes during Tests
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a. Configuration R-1, 12-percent Porosity, b. Configuration R-5, 10-percent Porosity,
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TABLE 1
PARACHUTE MATERIAL DETAILS

Config- Porosity,
uration Type percent Description

H-1 Hyperflo B.7 HT-1 mesh roof material having
. 8 24-percent porosity with an
l1l1-in.-radius circle from center
of parachute coated with silicone
to give a porosity of 10.9 for
the cirecle. HT-1 skirt material.

H-2 Hyperflo . . 9.00 HT-1 mesh roof material with
a thread count of 18/in. (3
strands per thread) by 20/in.
(3 strands per thread) and
nylon skirt material., This
parachute has 4500-1b nylon
webbing reinforcement at both
top and bottom of skirt.

H-3 Hyperflo 9.00 HT-1 mesh roof material with
: e e - a thread count of 18/in. (3
om strands per thread) by 20/in.
and nylon skirt material. This
parachute has 1000-1b nylon
webbing reinforcement at both
top and bottom of skirt.

H-4 Hyperflo 9.60 HT~-1 mesh roof materisl with
a thread count of 18/in. (3
strands per thread) by 20/in.
(3 strands per thread) and
nylon skirt material.

H-5 Hyperflo 7.00 HT-1 mesh roof material having a
28.4-~-percent porosity with an
ll-in.-radius circle from center
of parachute coated with silicone
to give a porosity of 11.2 percent
and a 21.3-percent porosity for

a ring from 1l-in. radius to 13-in.
radius. Excess cloth in the skirt
was taken out with pleats,
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TABLE | (Coniinued)

Config- Porosity,
uration Type percent Description

H-6 Ryperflo 10.9 This parachute was a 3/4-

- scale of configuration H-5
constructed of metal cloth.
The basic metal cloth was 27-
percent porous with a sili-
cone coating used to control
porosity. The skirt as well
as the 6-in. cap was coated
to reduce the porosity to
Zero.

H~7 Hyperflo 9.60 HT-1 mesh roof material with
a thread count of 18/in. (3
strands per thread) by 20/in,
(3 strands per thread) and
nylon skirt material, -

H-8 Hyperflo 9.60 Nylon native lace mesh
material and nylon skirt
material.

H-9 Hyperflo - 9.60 HT-1 mesh roof material with
2 thread count of 18/in. (3
strands per taread) by 20/in,
(3 strands per thread) and
nylon skirt material,

R-1 Hemisflo 12.0 10-ft-diam parachute con-
structed of 21 horizontal
2-in.-wide nylon ribbons with
240-in. nylon suspension lines.

R-2 Hemisflo 12.0 10-ft-diam parachute con-
structed of 21 horizontal
2-in,-wide nylon ribbons with
240-1n, nylon suspension lines,
This parachute was reefed to
smaller diameter by using a
mid~gore reefing technique.

R-3 .. Remisflo 12.0 10-ft-diam parachute con-
structed of 28 horizontal 2-in.-
wide nylon ribbons with 240-in.
nylon suspension lines,
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TABLE | (Concluded)

Config- Porosity,
uration Type percent Description

-~ R=4 - Hemisflo -21.0 - B-ft-diam parachute con-
structed of 2-in.-wide nylon
ribbon with l44-in. nylon
suspension lines,

R-5 Hemisflo 10.0 6-ft-diam parachute con-
structed of 2-in.-wide nylon
ribbon with 144-in, nylon
suspension lines,

R-6 ) Hemisf lo 10.90 6-ft-diam parachute con-

. .o structed of 2-in.-wide nylon
ribbon with l144-in, nylon
suspension lines. This
parachute has a solid HT-1 mesh
skirt,

R-7 Hemisflo 18.0 5.5-ft-diam parachute con-

] . structed of 2-in.-wide nylon
ribbon with 132-in. nylon
suspension lines,
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TABLE I

HYPERFLO PARACHUTE TEST CONDITIONS AND RESULTS

Config. M q X/D

“H-1 2.20 120.0 9.75

H-2 2.60 120.0 9.75

) 2.80 120.8 9.75

3.00 120.5 9.75

H-3 2.60 120.3 9.75

2,80 120.4 9.75
LB.OO 120.5 9.75

H-4 2.60 119.3 9.75

) 2.80 119.7 9.75

— 3.00 120.7 9.75

H-5 2.60 120.1 9.75

2.80 120.3 9.75

3.00 120.6 9.75

34

S C
2 D
12.57 0.266 Good stability, good

inflation, slight

rotation, roof failed.

Observations

12.57 0.206 Fair stability, good
inflation.

12.57 0.167 Fair stability, fair
inflation with inter-
mittent squidaing.

12.57 0.152 Fair stability, fair
inflation with inter-
mittent squidding.

12.57 0.179 Good stability, good
inflation, light squidding.

12,57 0.126 Falr stability, fair
inflation with inter-
mittent heavy squidding.

12.57 0,149 Fair stability, fair
inflation with inter-
mittent heavy squidding.

12.57 0,198 Good stability, good
inflation, light squidding.

12.57 0.056 Fair stability, poor
inflation, assumed & full
reefed condition.

12.57 0.052 Fair stability, poor
inflation, assumed a full
reefed condition.

12.57 0.252 Good stability, good
inflation.

12.57 0.259 Good stability, good
inflation.

12.57 0.204 Poor stabllity, good
inflation, roof failing.

UNCLASSIFIED
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. TABLE N (Concluded)

Config. M_ q " X/D S C Observations

00 [« 2 Do

H-6 2.60 120.2 5.80 7.07 0.283 Good stability, good
inflation, roof failed.

H-7 2.60 120.B 9.75 12.57 0.239 Poor stability, good
inflation, suspension
line failed.

H-8 2.60 120.1 9.75 12.57 0.248 Good stability, good
. inflation.

2.80 120.0 9.75 12.57 0.170 Fair stability, fair
inflation, two suspension
lines fatled.

3.00 120.0 9.75 12.57 0.150 Fair stability, fair
. . inflation, four suspension
lines failed.

H-9 2.60 120.0 9.75 12.57 0.233 Poor stability, fair

inflation, suspension
line failed.

Denotes continuous run
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TABLE Ifl
HEMISFLO PARACHUTE TESY CONDITIONS AND RESULTS

Contig. M q, X/D S dg CDO Observations
- R=1 2.20 119.0 14.5 78.54 &5.0 - No steady-state data were
obtained. Disreefed and
departed on deployment.
R-1 1.80 121.1 14.5 78.54 4.0 - No steady-state data were

obtained. Fair stability,
fair inflation with light
squidding. Departed 3

seconds after deployment.

* R-1 2.20 120.8 14.5 78.54 3.0 0.181 Good stability, good

' inflation, partially dis-
reefed. Departed 5 sec-
onds after deployment.

R-1 | 1.80 120.0 14.5 78.54 2.0 0.092 Very good stability,
very good inflation.

2.00 120.5 14.5 78.54 2.0 .0.116 Very good stability,
very good inflation,
partially disreefed.

2.20 120.0 14.5 78.54 2.0 0.126 Good stability, good
\ inflation, partially
) disreefed.

R-2 2.20 120.5 14.5 78.54 3.0 - No steady-state data were
obtained. Poor stability,
good inflation, partially
disreefed and deparied.

R-2 1.80 312.16 14.5 78.54 2.0 0.131 Good stability, good
inflation.

- 2.00 120.7 14.5 78.54 2.0 0.120 Good stability, good
inflation, partially
disreefed.

2.20 120.0 14.5 7B.54 2.0 0.148 Good stability, gocd
L inflation, partially
disreefed.

R-3 1.80 120.0 14.5 78.5%4 3.0 0.132 ¥Fair stability, fair
inflation with rapid
breathing. Disreefed
and departed.
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TABLE (il (Concluded)

So dR CD

—— esees eve——

28.27 f 0.250
28.27 ~ 0.389
28.27 - -

23.76 - 0.383

23.76 - 0.349

23.76 - 0.285

Denotes continuous run

UNCLASSIFIED
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Observations

Fair stadbility, fair
inflation with light
squidding. Suspension
line failed.

Fair to poor stability,
fair inflation with
intermittent heavy
squidding. Suspension
line failled. .

No steady-state data were
obtainred. Broke tunnel flow
one second after deployment.
Fair stability, good
inflation.

Fair stability, good
inflation. -

Fair to poor stability,
good inflation.

Failr to poor stability,
good inflation.
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1, ORIGINATING ACTIVITY: Enter the name and eddress
of the contractor, subcontractor, grantee, Department of De-
fenae activity or other orgenization (corporate author) lasuing
the report.

2a, REPORT SECURITY CLASSIFICATION: Enter the over
atl securlty classification of the report. [ndicate whether
*“Restricted Data” s yncluded. Marking is to be in eccord-
ance with apprapriale security regulations.

2b. GROUP: Automatic downprading tas specified in DoD Di-
rective 5200.10 snd Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 mnd Group 4 es author-
ized.

3, REPORT TITLE: Eater the complete report title in all
capitel letters, Titles in =11 cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tlon, show title classification in sil capitals in parenthesis
Immediately following the title.

4, DESCRIPTIVE NOTES: If appropriate, enter the type of
report, €.g., Interim, progress, summary, annual, or final.
Give the Inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Eanter tke aame(s) of author(s) as ashown on
or in the report.  Enter 1ast name, first name, middle inltial,
If milltory, show rank end branch of service. The name of
the principal «uthor iu an absolute minimum requirement.

6. REPORT DATZ: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

72. TOTAL NUMBER OF PAGES: The total page count
ahould follow normal paginstion procedures, i.e., enter the
number of pages containtng information

7b. NUMHBER OF REFERENCES: Enter the total number of
reflerences cited in the teport.

f8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the spplicatie number of the contract or grant under which
the report was written.

Bb, 8¢, & 8d. PROJECT NUMBER: Enter the eppropriate
military department identification, such es project number,
subproject number, syastem numbers, task number, etc,

92. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial teport number by which the document will be identified
snd contrclled by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBEK(S): If the report hes been
ass!gned any other report numbers (eriher by the originator
or by the sponsor), also enter this number(s),

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further diasemination of the report, other than those

INSTRUCTIONS

imponed by security classification, using standard statements
such aa!

(1) ‘Qualified requesters may obtain coples of this

report from DDC.''

“*Forelgn announcement end dissemination of this
teport by DDC Is not authorized.”’

“U. S. Government agencles may obtain copies of
thla report directly from DDC., Other qualified DDC
users sha!l request through

(2
&)

(4) V. S. milltary agenclos may obtein coples of this
reporl directly from DDC. Other qualified users
ahall] request through

.l’

(5) ’*All distrlbution of this report is controlled Qual-

ified DDC ugers shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi.
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Usae for additional explane-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project offize or laboratary sponsoring (pay~
ing for) the research and development. Include address.,

13. ABSTRACT: Enter en abstract giving a brief and factual
summary of the document indicative of the report, even though
it :aay also appear elsewhere in the body of the technical re-
port. If additionsl mpace is required, a continuation sheet shall
be attached.

It is highly deslrable that the sbatract of classified reports
be unclassified. Each paragraph of the abstract shall end with
en indicatlon of the military sccurity clessification of the in-
formation In the paragraph, represented as (TS). (S), {C). or (U).

There is no limitation on the length of the ebstract. How-
ever, the suggested length is from 150 t2 225 words.

14. KEY WORDS: Key words are technically meaningful terme
or short phrases that charactetize B report and may be usad as
Index entries for cataloging the report. Key words must be
selected so that no security classification is required. Ideati-
fiers, such as equipment model designation, trade name, military
project code'name, geographic location, may be used as key
bl will be d by on indieation of tes oon.
text. The esaignment of links, rules, and weights 18 optianal.
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